Objective: This study aimed to determine whether an intervention could improve the escalation of care skills of junior surgeons. Summary Background Data: Escalation of care involves the recognition, communication, and response to patient deterioration until a satisfactory outcome has been achieved. Although failure to escalate care can lead to increased morbidity and mortality, there is no formal training in how to perform this vital process safely. Methods: This randomized controlled trial recruited postgraduate year (PGY)-1 and PGY-2 surgeons to participate in 2 scenarios involving simulated patients requiring escalation of care. A control group performed both scenarios before receiving the intervention; the intervention group received the educational intervention before their second scenario. Scenarios were video recorded and rated by 2 independent, blinded assessors using validated scales to measure patient assessment, communication, management and nontechnical skills of participants, and the number of medical errors they detected. Results: A total of 33 PGY-1 and PGY-2 surgeons, all with equivalent skill at baseline, participated. Postintervention, the intervention group demonstrated significantly better patient assessment (P < 0.001), communication (P < 0.001), and nontechnical skills (P < 0.001). They also detected more medical errors (P < 0.05). Conclusions: Teaching junior surgeons a systematic approach to escalation of care improved multiple core skills required to maintain patient safety and avoid preventable harm.
U p to 14% of surgical inpatients suffer an adverse event during their hospital stay. 1 This is partly due to the paradox of surgical procedures being inherently risky and, thereby, performed by the most experienced surgeon. In contrast, junior surgeons principally provide postoperative care. In this situation, to prevent a failure to rescue, it is essential that postoperative complications are recognized and acted upon promptly. 1, 2 Due to the prevalence of preventable adverse events occurring on the postoperative surgical ward, escalation of care has come to the forefront of ward-based surgical research. 3, 4 Escalation of care is a safety-critical process comprising of 3 key phases: recognition of deterioration, communication with a senior colleague, and a response to implement definitive treatment. 5 As escalation of care involves multiple health professionals, patient assessment, communication, and nontechnical skills are crucial to the process.
In practice, a junior surgeon is often the first person alerted to a change in patient status by nursing staff. They must assess the patient and determine whether to escalate their care, often under considerable time pressure. However, junior surgeons receive little formal training on escalation of care, with the process currently learned through circumstantial clinical experience on the wards. As a result, there are 2 major barriers to successful escalation of care that must be overcome, including failure to recognize patient deterioration; and failure to communicate concerns adequately to a senior colleague. Targeted interventions aiming to overcome these barriers can significantly improve upon these aspects of care along the surgical patient pathway.
Although previous research has highlighted that educational interventions can facilitate more efficient identification of deteriorating patients, it has not explored the whole of the escalation of care process or the junior surgeon's role. 6 In contrast, the work conducted on escalation of care has been largely descriptive with little intervention. Simulation offers a promising environment to train surgeons in the skills required for effective escalation of care. Previous research has utilized such simulation-based settings for the development of technical skills and structured ward care, but not in the emergency setting of escalation of care. 7, 8 However, to quantify the success of any intervention, validated tools are required for accurate skill measurement. In recent years, tools have been developed to provide objective assessment measures of both technical and nontechnical skills to advance patient safety in surgery. One such tool is the Nontechnical Skills (NOTECHS) system widely used in the aviation industry, which has been adapted for use in surgery. 9 Two further tools have recently been developed, which enable performance measurement in the components of escalation of care: the Surgical Ward-care Assessment Tool (SWAT), 9 and the Quality of Information Transfer tool (QUIT). 10 The development and validation of these tools, coupled with the acceptance of simulation as a proxy training environment, have laid the foundations for an intervention to improve the escalation of care skills of surgeons. To date, this has never been reported.
The aim of this study was to determine whether a structured educational intervention could improve the escalation of care skills of junior surgeons in the simulated environment. The skills that were investigated in this study included patient assessment, initial management, communication, nontechnical skills, and the detection of errors and omissions in care.
Patients were recruited from a large National Health Service Trust in Northwest London. Junior surgeons of grades postgraduate year (PGY)-1 and PGY-2 were invited to participate. The study was conducted in the previously validated simulation ward at St Mary's Hospital, London. 9 The simulated ward is a high-fidelity environment, built to closely resemble a standard ward. The ward environment contained all appropriate documentation, including operative notes, medication charts, and vital signs charts for a simulated patient. Results from relevant pathology and radiology tests were available upon request. Informed consent was gained from each participant before the scenarios.
Study Design
The study design was a double-blinded, randomized controlled trial (see Consolidated Standards of Reporting Trials (CONSORT) flow sheet). Participants were randomly allocated to either a control or an intervention group using sealed envelopes. The order of the scenarios they performed was also randomized, to enable blinding of the video and audio analysis, as researchers did not know which scenario was postintervention. Each participant committed to a half day to cover both study scenarios and the educational intervention. Before and after the study, participants were filled in a questionnaire to assess their perceptions of the study and the intervention material.
Scenarios
Two scenarios were developed from material obtained through the American College of Surgeons (ACS) Resident Skills Curriculum. 11 Each scenario involved an actor-patient, a nurse, a junior surgeon, and a senior surgeon (chief resident) contactable by telephone. The nurse would assist the participating trainee by providing patient observations and relevant investigation results, which were available upon request. The nurse and actor-patient were both researchers in the study and had preprepared scripts to ensure a standardized amount of information was provided to each participant.
The scenarios comprised 2 important postoperative complications that were deliberately challenging for the level of a junior surgeon: postoperative pulmonary embolism and postoperative hemorrhage. These are both severe complications and require escalation to a senior colleague for emergency treatment. The flow of the postoperative hemorrhage scenario is shown in Figure 1 .
Before entering the ward, participants were given 1 minute to read a stem that briefed them on the background and clinical context of the scenario. The participant was instructed to approach the scenario as they would in clinical practice, and direct any management that they felt was appropriate. If they felt that the situation warranted escalation, a telephone was made available to call a senior surgeon who was part of the study team and played this role throughout the study.
Intervention
The educational intervention was developed with an aim to improve escalation of care skills for junior surgeons, with a specific focus on the development of patient assessment and communication skills. The intervention was developed using previously identified facilitators and barriers to escalation of care. 5 In addition, the findings from a previous study exploring whether the situation, background, assessment, recommendation communication tool could improve telephone referral performance were considered carefully. 12 Specifically, the intervention package consisted of small group interactive, didactic teaching lasting around 30 minutes. The groups consisted of between 2 and 4. Intervention participants were taught a systematic method of patient assessment and initial management, similar to that used in the Advanced Trauma Life Support course from the American College of Surgeons. In addition, they were given teaching on how to use the situation, background, assessment, recommendation tool in a structured and logical fashion, aiming to improve the quality of their escalation referral. Although the intervention group received the session, the control group received a memory task for an equivalent time period to ensure blinding. The control group received the same educational session after completion of both scenarios. This ensured that all study participants benefited from the process, and gained a new skillset to integrate into their practice. Furthermore, all participants received a debriefing (self-assessment followed by instructor feedback) after their scenarios were concluded.
Measures
Data were collected through audiovisual recordings by 2 cameras installed in the simulated ward as well as a third mobile camera for optimum recording of the scenario. Telephonic conversations were recorded on loudspeaker for retrospective analysis alongside the audiovisual analysis of the scenario.
Blinded, independent researchers, using tools validated in previous studies, objectively assessed the recordings. For each scoring system, the primary researcher was blinded to the participant's group allocation and scenario sequence. A second independent researcher blindly rated 25% of the scenarios using all of the assessment measures. The interobserver reliability was then calculated by obtaining the intraclass coefficient. The raters used 3 validated tools to measure performance.
Firstly, the SWAT was used to measure the completion of general patient assessment tasks such as examining the wound, and management aspects such as the administration of appropriate analgesia. To enhance the specificity of results, the SWAT scores were subdivided into SWAT-A (assessment, maximum score ¼ 11, minimum score ¼ 0) and SWAT-M (management, maximum score ¼ 9, minimum score ¼ 0). 8 Secondly, the QUIT tool was used to measure the communication skills performance during the telephone referral to the senior surgeon. 10 The QUIT tool is a validated 24-item scale spread over 7 categories that quantifies the inclusion of key information, and how effectively it has been presented. Each item is rated on a scale of 1 (poorest performance) to 5 (best performance), the minimum score was 24 and the maximum score was 120.
Thirdly, the nontechnical skills scoring system for ward care (W-NOTECHS) was used to assess the teamwork and nontechnical skills of each. This is a validated scoring system measuring performance across 5 behavioral categories, 9 of which 4 categories relevant to escalation of care were included in this study (the leadership/debriefing category was not included in the analysis, so the minimum score was 4 and the maximum score was 20.
Finally, each scenario had a number of inbuilt medical errors (eg, penicillin allergy and penicillin prescribed) and also key processes (eg, high-flow oxygen therapy for patient with respiratory distress). Any errors or omissions in care were identified, recorded, and included in the analysis.
Statistical Analysis
All data were anonymized and SPSS Statistics version 22 (IBM Corp., Armonk, NY) was used for statistical analysis. Due to the nonparametric nature of the data, a Mann-Whitney U test was used to test for significant differences in performance measurements between the control and intervention groups. Within groups, the difference between baseline and second scenario scores was investigated using the Wilcoxon signed-rank test. P values of less than 0.05 were considered to indicate statistical significance. The interobserver reliability was calculated using the intraclass correlation coefficient (ICC) with a strong correlation being indicated by an ICC value of !0.7. A minimum sample size of 30 was decided on in advance of recruitment based on samples in previous simulated studies. 7, 13 
RESULTS

Participants
A total of 36 PGY-1 or PGY-2 surgeons were recruited to the study and randomized into groups. Three participants dropped out from the control group due to clinical commitments; therefore, 33 completed the study. The control and intervention groups were equally matched in terms of clinical experience (PGY-1:PGY-2, 7:8 in control and 8:10 in intervention group) and sex (overall ratio 1:1.3 in favor of females).
Reliability
The inter-rater reliability was found to be high for both the patient assessment/management and information transfer tools. The ICC showed a strong degree of correlation between both observers, indicating a high reliability of the scoring metrics. The inter-rater reliability for patient assessment/management scores was strongly positive (ICC ¼ 0.957, P < 0.001). There was also a moderately strong, positive correlation between independent raters for information transfer skills (ICC ¼ 0.737, P ¼ 0.049).
Patient Assessment
There was no significant difference in the patient assessment scores between the control and intervention groups at baseline [control median 7.0 (interquartile range 6.00-7.00) vs intervention 7.0 (6.00-8.25), P ¼ 0.253]. Scores for the second scenario (postintervention) in the intervention group were significantly improved [baseline 7.0 (6.00-8.25) vs postintervention 9.5 (8.75-10.25), P < 0.001]. There was no difference in median scores between the baseline and postintervention scenarios in the control group [baseline 7.0 (6.00-7.00) vs postintervention 7.0 (6.00-8.00), P ¼ 0.248]. Consequently, the intervention group had significantly higher patient assessment scores than the control group in the second scenario [control 7.0 (6.00-8.00) vs intervention 9.5 (8.75-10.25), P < 0.001; Fig. 2 ].
Communication
There was no significant difference in the quality of information transfer scores between the control and intervention groups in the baseline scenario [control 77.0 (74.00-81.00) vs intervention 79.0 (75.50-82.25), P ¼ 0.277]. The intervention group displayed significantly higher information transfer skills in the baseline scenario compared with the postintervention [baseline 79.0 (75.50-82.25) vs postintervention 90.0 (83.75-92.00), P < 0.001]. No increase was found between the baseline and postintervention scenarios in the control group [baseline 77.0 (74.00-81.00) vs postintervention 75.0 (72.00-80.00), P ¼ 0.208]. There was a significant difference between the groups when scores for the postintervention scenario were compared [control 75.0 (72.00-80.00) vs intervention 90.00 (83.75-92.00), P < 0.001; Fig. 3 ]. The information transfer scores for each group are available as a Supplemental Digital Content file, http://links.lww.com/SLA/A907.
Management
There was no difference in the initial management scores between the baseline and postintervention scenarios in the intervention group [baseline 4.0 (3.00-5.00) vs postintervention 4.0 (3.00-5.00), P ¼ 0.860]. The postintervention scenario scores in the intervention and control groups were not significantly different either [4.0 (3.00-5.00) vs 3.0 (3.00-4.00), P ¼ 0.244]. However, the total SWAT scores (assessment and management combined) were significantly higher in the intervention group than the control group for the postintervention scenario [14.0 (12.00-14.50) vs 11.0 (10.00-12.00), P < 0.001; Fig. 2 ].
Nontechnical Skills
Nontechnical skills were assessed using the W-NOTECHS scale. There was no difference in the baseline scenario scores between the groups [control 13.0 (11.00-14.00) vs intervention 14.5 (11.75-16.00), P ¼ 0.980]. The intervention group had a statistically significant improvement in nontechnical skills in their postintervention scenario [baseline 14.5 (11.75-16 .00) vs postintervention 16.0 (14.75-17.00), P ¼ 0.001]. There was no difference in scores between scenarios in the control group [baseline 13 (11) (12) (13) (14) vs postintervention 13 (12) (13) (14) (15) , P ¼ 0.144]. The intervention group had significantly higher nontechnical skills than the control group in the postintervention scenario [16.0 (14.75-17 .00) vs 13.0 (12.00-15.00), P < 0.001; Fig. 2 ].
Detection of Errors and Omissions in Care
The number of errors and omissions in care made by in the baseline scenario did not differ between the groups [control 3.0 (2.00-3.00) vs intervention 3.0 (1.75-4.00), P ¼ 0.571]. The intervention group improved significantly in the postintervention scenario [baseline 3.0 (1.75 -4.00) vs postintervention 4.0 (3.00-5.00), P ¼ 0.007], there was no difference for the control group [baseline 3.0 (2.00-3.00) vs postintervention 2.0 (2.00-3.00), P ¼ 0.339]. The intervention group detected significantly more errors and omissions than the control group in the postintervention scenario [control 2.0 (2.00-3.00) vs 4.0 (3.00-5.00), P ¼ 0.001; Fig. 4 ].
Participant Perceptions
All participants (n ¼ 33) completed prestudy and poststudy questionnaires. Study feedback was extremely positive; the majority of participants found the study useful (31/33), and that the clinical scenarios were relevant to their practice (33/33). Almost all participants agreed or strongly agreed that they could confidently and systematically refer a deteriorating patient to a senior colleague after the scenarios and educational session (32/33). Finally, all participants stated that they would translate the teaching of the intervention from the simulated ward onto the wards.
DISCUSSION
This randomized controlled trial was the first to assess the effectiveness of an educational intervention to improve the escalation of care skills of junior surgeons. The intervention was found to significantly improve the patient assessment, communication, and nontechnical skills of participants. The detection of errors and omissions in care also improved significantly postintervention. The results demonstrate how formal training can furnish junior surgeons with the necessary skills to escalate care for deteriorating patients on the postoperative ward. Through the introduction of structured teaching, these relatively inexperienced trainees gained proficiency in patient assessment, interaction with other members of the clinical team, and referring for a senior surgical opinion.
Regarding patient assessment, after receiving training, participants amassed more information regarding the participant in similar time frames, suggesting a greater efficiency in their overall approach. The result of this is a more rapid response to patient deterioration, which can enhance patient care and may prevent occurrences of failure to rescue, which is so often the source of surgical-related morbidity and mortality. 14 Participants also seemed to have a more structured approach to transferring information after receiving the intervention, and their referral performance and nontechnical skills improved consequently. Proficient communication ability and confidence in a systematic approach to distributing critical information may have helped to overcome the barriers to escalation of care and alleviated anxieties regarding perceived hierarchies. 15, 16 The intervention in this study did not significantly increase the capacity of the participants to provide initial management to patients, according to the SWAT-M scores. However, the intervention was more focused toward patient assessment and earlier recognition of complications that required definitive treatment. The scenarios were deliberately designed so that a junior surgeon could not provide definitive treatment, only interim or temporizing measures. This may well have been reflected in the actions of intervention group participants, who efficiently gathered the information, recognized the urgency of the patient's condition, and duly notified their senior rather than attempt to manage the patient of their own accord.
Incorporation of challenging ward-based scenarios into the training curriculum of junior surgeons may prove beneficial to their future practice, and can be catered for in a dedicated learning environment such as the simulation ward utilized in this study. This study, therefore, provides further evidence for the suitability of the simulated environment for the training and assessment of trainee surgeons. Previous studies have already provided evidence for its application in the acquisition of technical skills. 17 However, this is the first to demonstrate the benefits of simulation training in the context of escalation of care.
One of the principle strengths of this study was the availability of a dedicated simulated environment that allowed recording of each scenario for retrospective, blinded analysis of the data. This enabled data collection for a host of skills simultaneously so that several tools could be used to analyze the same scenario, maximizing relevance to the participant's practice. If the performance of participants was rated contemporaneously, the breadth of measures used in this study would not have been possible. The application of background ward noise, the availability of other members of the surgical team, and comprehensive patient documentation increased the realism of the scenarios.
The double-blinded, randomized controlled trial design led to the collection of high-evidence level data and eliminated both selection and assessor bias. The scores of the control group trainees across both scenarios accounted for any potential learning effects from repeated exposure to the simulator environment and the collection of baseline data for the intervention group negated the impact of any potential discrepancies in clinical experience between the groups. The difficulty of the scenarios was standardized through the use of American College of Surgeons curriculum material. Use of objective tools, such as SWAT, QUIT, and NOTECHS increased the validity of the results obtained.
There are several important limitations to this study, which future research should seek to address. The first of these is the simulated nature of the scenarios. This environment can give rise to the Hawthorne effect when participants are aware they are being observed. The trainees were only recruited from 1 region of the United Kingdom for participation in the study, which may reduce the generalizability of results. The short-time period for this study meant that no follow-up data were collected. Follow-up data at 6 to 12 months would give an idea of how the lessons of the intervention were retained. However, this was a proof of concept study set in the safe environment of simulation and it would not have been ethical to try an untested intervention on patients. Incorporation of the intervention into a curriculum would help to standardize the training that junior surgeons receive in escalation of care. Once this had been implemented, further research could use ethnographic observation of escalation of care scenarios on postoperative wards to follow-up surgeon performance in the clinical environment and correlate this with patient outcomes. Comparison of data before and after implementation of training in various centers would provide evidence of its clinical effectiveness. Lastly, because escalation of care is an interprofessional process, it is important to further investigate the role of senior doctors and nursing staff in addition to the individuals studied herein.
CONCLUSIONS
This study demonstrates that teaching junior surgeons to use a systematic approach to escalation of care can significantly improve their skill levels. Further, work is needed to assess skill retention and translation of results into the clinical environment. However, these results suggest that the approach used in this study may provide a solution to the lack of standardized training in this critical area of surgery and would improve patient care if implemented effectively.
